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(57) ABSTRACT 

A Zoom lens includes a first lens-group having positive 
refractive power, a second lens-group having negative refrac 
tive power, a third lens-group having positive refractive 
power, and a fourth lens-group having positive refractive 
power, in this order from an object side, and a stop located 
between a most image-side surface of the second lens-group 
and a most image-side Surface of the third lens-group. Dis 
tances between the lens-groups change when magnification is 
changed from a wide-angle end to a telephoto end. The sec 
ond lens-group consists of a negative lens, a biconcave lens 
and a positive lens in this order from the object side. The third 
lens-group consists of a positive lens, a cemented lens of a 
positive lens and a negative lens, a negative meniscus lens 
with its concave Surface facing the object side, and a biconvex 
lens in this order from the object side. A predetermined con 
ditional formula is satisfied. 

10 Claims, 13 Drawing Sheets 
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1. 

ZOOM LENS AND MAGINGAPPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a Zoom lens and an imaging 

apparatus. In particular, the present invention relates to a 
Zoom lens appropriate for a digital camera, a video camera 
and the like, and to an imaging apparatus including the Zoom 
lens. 

2. Description of the Related Art 
In recent years, as personal computers spread to ordinary 

families, digital cameras that can input image information, 
Such as a landscape and a portrait, obtained by photography to 
personal computers became widely used. Since the function 
of the digital cameras became higher recently, a demand for a 
digital camera with a high-magnification Zoom lens mounted 
thereon is increasing. 

Therefore, for example, a Zoom lens with a high magnifi 
cation ratio, as disclosed in Japanese Unexamined Patent 
Publication No. 2007-219040 (Patent Document 1), is used. 
The Zoom lens consists of a first lens group having positive 
refractive power, a second lens group having negative refrac 
tive power, a third lens group having positive refractive power 
and a fourth lens group having positive refractive power, 
which are in this order from an object side. The magnification 
of the Zoom lens is changed by changing distances between 
the groups Japanese Unexamined Patent Publication No. 
2003-207715 (Patent Document 2) discloses a Zoom lens 
with similar basic structure to that of Patent Document 1. 
Patent Document 2 discloses, as a four-group Zoom-type 
Zoom lens with a high magnification ratio, a Zoom lens having 
a small Fino. at a wide angle end while achieving a high 
variable magnification ratio. Japanese Unexamined Patent 
Publication No. 2010-217478 (Patent Document 3) discloses 
a Zoom lens having excellent optical performance while 
achieving a high magnification ratio. 

SUMMARY OF THE INVENTION 

However, in recent years, a need for a Zoom lens having a 
Small Fino. and high image qualities while achieving Small 
size and a high magnification ratio is also increasing. The 
Zoom lenses disclosed in Patent Document 1 and Patent 
Document 2 have a large Fho. at a wide angle end or at a 
telephoto end. Therefore, a lens having a smaller Fno. is 
needed. Further, in the Zoom lens disclosed in Patent Docu 
ment 3, the ratio of the total length of the entire lens to an 
image size is large. Therefore, further reduction in size is 
needed. 

In view of the foregoing circumstances, it is an object of the 
present invention to provide a Zoom lens with excellent opti 
cal performance achieving a small Fino, and high image quali 
ties while the size of the Zoom lens is Small and the magnifi 
cation ratio of the Zoom lens is high, and an imaging 
apparatus including the Zoom lens. 
A Zoom lens of the present invention is a Zoom lens Sub 

stantially consisting of four lens groups of 
a first lens group having positive refractive power; 
a second lens group having negative refractive power, 
a third lens group having positive refractive power, and 
a fourth lens group having positive refractive power, which 
are in this order from an object side; and 
a stop located between a most image-side Surface of the 

second lens group and a most image-side Surface of the third 
lens group, 
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2 
wherein distances between the lens groups change when 

magnification is changed from a wide angle end to a telephoto 
end, and 

wherein the second lens group consists of a negative lens, 
a biconcave lens and a positive lens in this order from the 
object side, and 

wherein the third lens group consists of a positive lens, a 
cemented lens of a positive lens and a negative lens, a negative 
meniscus lens with its concave surface facing the object side, 
and a biconvex lens, which are in this order from the object 
side, and 

wherein the following conditional formula (1) is satisfied: 

R6: a paraxial curvature radius of an object-side surface of 
the biconcave lens in the second lens group, and 

R7: a paraxial curvature radius of an image-side Surface of 
the biconcave lens in the second lens group. 

In the present invention, each "lens group' does not nec 
essarily consist of plural lenses. Lens groups may include a 
lens group consisting of only one lens. 
The expression “substantially consisting of four lens 

groups' means that a Zoom lens of the present invention 
includes a lens substantially without refractive power, an 
optical element, such as a stop and a cover glass, which is not 
a lens, a mechanism part, such as a lens flange, a lens barrel, 
an imaging device and a hand shake blur correction mecha 
nism, and the like besides the four lens groups. 

It is desirable that the Zoom lens according to the embodi 
ment of the present, invention satisfies the following condi 
tional formula (2): 

0.005<D7 fiv4.0.150 (2), where 

D7: a distance on an optical axis between the image-side 
Surface of the biconcave lens in the second lens group and an 
object-side surface of the positive lens in the second lens 
group, and 

fw: a focal length of an entire lens system at the wide angle 
end. 

It is desirable that the Zoom lens according to the embodi 
ment of the present invention satisfies the following condi 
tional formula (3): 

1.9-f3(fiv<2.6 (3), where 

f3: a focal length of the third lens group, and 
fw: a focal length of an entire lens system at the wide angle 

end. 
It is desirable that the Zoom lens according to the embodi 

ment of the present invention satisfies the following condi 
tional formula (4): 

6.6-fl/fiv<8.5 (4), where 

fl: a focal length of the first lens group, and 
fw: a focal length of an entire lens system at the wide angle 

end. 
In the Zoom lens of the present invention, it is desirable that 

displacement of an image caused by vibration of the Zoom 
lens is corrected by moving the third lens group in a direction 
orthogonal to an optical axis. 
An imaging apparatus of the present invention includes the 

aforementioned Zoom lens of the present invention. 
The Zoom, lens of the present invention includes first 

through fourth lens groups having positive refractive power, 
negative refractive power, positive refractive power: and posi 
tive refractive power, respectively, in this order from an object 
side, and a stop-located between a most image-side surface of 
the second lens group and a most image-side Surface of the 
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third lens group. Further, distances between the lens groups 
change when magnification is changed from a wide angle end 
to a telephoto end. The second lens group consists of a nega 
tive lens, a biconcave, lens and a positive lens in this order 
from the object side. Further, the third lens group consists of 
a positive lens, a cemented lens of a positive lens and a 
negative lens, a negative meniscus lens with its concave Sur 
face facing the object side, and a biconvex lens, which are in 
this order from the object side. Therefore, it is possible to 
achieve excellent optical performance realizing a small Fino. 
and high image qualities while the size of the Zoom lens is 
Small and the magnification ratio of the Zoom lens is high. 
Further, the Zoom lens of the present invention satisfies con 
ditional formula (1). Therefore, it is possible to appropriately 
maintain the totallength of the lens and the negative refractive 
power of the biconcave lens. Further, it is possible to suppress 
a fluctuation of aberrations during magnification change and 
various aberrations. 

In the present invention, when conditional formula (2) is 
satisfied, it is possible to prevent a distance, on the optical 
axis, between the biconcave lens in the second lens group and 
the positive lens in the second lens group from too greatly 
influencing alongitudinal aberration. Further, it is possible to 
reduce the size of the second, lens group while Suppressing 
generation, of a spherical aberration. 

Further, when the present invention satisfies conditional 
formula (3), it is possible to more excellently correct a spheri 
cal aberration, and to reduce Fno. while maintaining the Small 
size of the Zoom lens. Further, when the present invention 
satisfies conditional formula (4), it is possible to reduce the 
size of the Zoom lens while excellently correcting a longitu 
dinal aberration. 
When displacement of an image caused by vibration of the 

Zoom lens is corrected by moving the third lens group in a 
direction) orthogonal to an optical axis, it is possible to more 
excellently correct various aberrations caused by vibration of 
the Zoom lens. 

The imaging apparatus of the present invention includes 
the high performance Zoom lens of the present invention. 
Therefore, it is possible to reduce the size of the whole appa 
ratus, and to increase the magnification, and to obtain photo 
graphic images with higher image qualities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross section illustrating the lens structure of a 
Zoom lens in Example 1 of the present invention; 

FIG. 2 is a cross section illustrating the lens structure of a 
Zoom lens in Example 2 of the present invention; 

FIG. 3 is a cross section illustrating the lens structure of a 
Zoom lens in Example 3 of the present invention; 

FIG. 4 is a cross section illustrating the lens structure of a 
Zoom lens in Example 4 of the present invention; 

FIG. 5 is a cross section illustrating the lens structure of a 
Zoom lens in Example 5 of the present invention; 

FIG. 6 is a cross section illustrating the lens structure of a 
Zoom lens in Example 6 of the present invention; 

FIG. 7, Sections A through O are aberration diagrams of the 
Zoom, lens in Example 1 of the present invention; 

FIG.8. Sections A through O are aberration diagrams of the 
Zoom lens in Example 2 of the present invention; 

FIG.9, Sections A through O are aberration diagrams of the 
Zoom lens in Example 3 of the present invention; 

FIG. 10, Sections A through O are aberration diagrams of 
the Zoom lens in Example 4 of the present invention; 

FIG. 11, Sections A through O are aberration diagrams of 
the Zoom lens in Example 5 of the present invention; 
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4 
FIG. 12, Sections A through O are aberration diagrams of 

the Zoom lens in Example 6 of the present invention; 
FIG. 13A is a perspective view of the front side of an 

imaging apparatus according to an embodiment of the present 
invention; and 

FIG. 13B is a perspective view of the back side of the 
imaging apparatus according to the embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Next, embodiments of the present, invention will be 
described in detail with reference to drawings. 

FIG. 1 is a cross section illustrating the structure of a Zoom 
lens according to an embodiment of the present invention, and 
corresponds to a Zoom lens in Example 1, which will be 
described later. FIG. 2 through FIG. 6 are cross sections 
illustrating the structure of Zoom, lenses in Example 2 
through Example 6, which will be described later, respec 
tively. The basic structure of the Zoom lenses illustrated in 
FIG. 1 through FIG. 6 is similar to each other/and an illustra 
tion method is also similar. Therefore, the Zoom lens illus 
trated in FIG. 1 will be mainly described, as an example. 

Here, the left side of FIG. 1 is an object side, and the right 
side of FIG. 1 is an image side. In FIG. 1, the top part 
illustrates the arrangement of lenses when the Zoom lens is 
focused on an object at infinity at a wide angle end, and the 
middle part illustrates the arrangement of lenses when the 
Zoom lens is focused on an object at infinity at a middle 
position, and the bottom part illustrates the arrangement of 
lenses when the Zoom lens is focused on an object at infinity 
at a telephoto end. Solid-line curves between the top part and 
a middle part and solid-line curves between the middle part 
and the bottom part schematically illustrate paths of move 
ment of the lens groups during magnification change. 
The Zoom lens illustrated in FIG. 1 includes first lens group 

G1 having positive refractive power, second lens group G2 
having negative refractive power, third lens group G3 having 
positive refractive power, and fourth lens group G4 having 
positive refractive power, which are in this order along optical 
axis 2 from an object side. The Zoom lens is structured in Such 
a manner that distances between the lens groups change when 
magnification is changed from a wide angle end to a telephoto 
end. Specifically, in the Zoom lens of the present invention, a 
distance between first lens group G1 and second lens group 
G2, a distance between second lens group G2 and third lens 
group G3, and a distance between third lens group G3 and 
fourth lens group G4 change when magnification is changed 
from a wide angle end to a telephoto end. Further, aperture 
stop St is arranged between second lens group G2 and third 
lens group G3. 

For example, in the Zoom lens illustrated in FIG. 1, the lens 
groups move in Such a manner to draw paths indicated by 
arrows in the diagram when magnification is changed from a 
wide angle end to a telephoto end. Specifically, each of four 
lens groups, i.e., first lens group G1, Second lens group G2. 
third lens group G3 and fourth lens group G4, moves in the 
direction of the optical axis in Such a manner that a distance 
between first lens group G1 and second lens group G2 
increases, and a distance between second lens group G2 and 
third lens group G3 decreases, and a distance between third 
lens group G3 and fourth lens group G4 increases. Further, a 
distance between fourth lens group G4 and an image forma 
tion Surface 100 also changes during magnification change. In 
the example of the Zoom lens illustrated in FIG. 1, aperture 
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stop St moves in Sucha manner to be integrated with third lens 
group G3 during magnification change. 

Aperture stop St illustrated in FIG. 1 does not necessarily 
represent the size nor the shape of aperture stop St, but the 
position of aperture stop St on optical axis 2. 
When the Zoom lens is applied to an imaging apparatus, it 

is desirable to arrange a coverglass, various filters, such as an 
infrared cut filter and a low-pass filter, and the like between 
the most image-side lens and the image formation Surface 
(imaging Surface) 100 based on the structure of a camera on 
which the lens is mounted. FIG. 1 illustrates an example in 
which parallel-fiat-plate-shaped optical member PP, which is 
assumed, to be such members, is arranged on the image side 
of fourth lens group G4. 

In the example illustrated in FIG. 1, for example, when the 
Zoom lens is applied to an imaging apparatus, an imaging 
Surface of an imaging device is arranged at the image forma 
tion surface 100. 

The structure of each lens group of the Zoom lens illus 
trated in FIG. 1 will be described in detail. 

First lens group G1, as a whole, has positive refractive 
power. Here, first lens group G1 consists of a cemented lens of 
negative lens L11 and positive lens L12 in this order from the 
object side. 

Second lens group G2, as a whole, has negative refractive 
power. It is desirable that second lens group G2 consists of 
negative lens L21, biconcave lens L22, and positive lens L23 
in this order from the object side. Further, it is desirable that 
at least one of the surfaces of biconcave lens L22 in second 
lens group G2 is aspherical. Here, both surfaces of biconcave 
lens L22 are aspherical. 

Third lens group G3, as a whole, has positive refractive 
power. Third lens group G3 consists of positive lens L31, a 
cemented lens of positive lens L32 and negative lens L33, 
negative meniscus lens L34 with its concave surface facing 
the object side, and biconvex positive lens L35 in this order 
from the object side. 

Regarding negative lens L34 and biconvex lens L35, which 
are the first lens and the second lens from the image side in 
third lens group G3, in other words, two most image-side 
lenses in third lens group G3, it is desirable that three surfaces 
of four Surfaces of the two lenses are convex surfaces, as in the 
example illustrated in FIG. 1. 

Further, as in the example illustrated in FIG. 1, it is desir 
able that the image-side Surface of negative meniscus lens 
L34 is an aspherical surface in which positive refractive 
power becomes weaker irons, the optical axis toward the 
periphery of the surface. 

Further, the object-side Surface of negative meniscus lens 
L34 may be aspherical. Further, a surface or both surfaces of 
most object-side positive lens L31 may be aspherical. Here, 
the object-side surface of positive lens L31 is aspherical. 

It is desirable that displacement of an image caused by 
vibration of the Zoom lens is corrected by moving third lens 
group G3 in a direction orthogonal to the optical axis. 

Fourth lens group G4, as a whole, has positive refractive 
power. Here, fourth lens group G4 consists of one lens of 
positive lens L41. 

Further, this Zoom lens satisfies the following conditional 
formula (1): 

R6: a paraxial curvature radius of an object-side Surface, of 
the biconcave lens in the second lens group, and 

R7: a paraxial curvature radius of an image-side surface of 
the biconcave lens in the second lens group. 
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6 
Further, it is desirable that this Zoom lens satisfies the 

following conditional formulas (2) through (6). A desirable 
mode may satisfy one of conditional formulas (2) through (6). 
Alternatively, an arbitrary combination of formulas (2) 
through (6) may be satisfied: 

0.005<D7/fiv<0.150 (2): 

6.6-fl/fiv<8.5 (4); 

5.5<fiv-tan co-7.0 (5); and 

36-321 44 (6), where 

D7: a distance on an optical axis between the image-side 
Surface of the biconcave lens in the second lens group and an 
object-side surface of the positive lens in the second lens 
grOup, 

f3: a focal length of the third lens group, 
fl: a focal length of the first lens group, 
fw: a focal length of the entire lens system at a wide angle 

end, and 
(): a half angle of view. 
In the Zoom lens according to the embodiment of the 

present invention, if is desirable that a specific material 
arranged on the most object side is glass. Alternatively, trans 
parent ceramic may be used. 
As the material of a lens on which an aspherical Surface is 

formed, glass may be used. Alternatively, plastic may be used. 
When plastic is used, it is possible to reduce the weight and 
the cost. 

Further, it is desirable that a multi-layer coating for protec 
tion is applied to the Zoom lens according to the embodiment 
of the present invention. Further, an anti-reflection coating for 
reducing ghost light or the like during usage may be applied 
besides the coating for protection. 

FIG. 1 illustrates an example in which optical, member FP 
is arranged between the lens system and an image formation 
Surface. Instead of arranging various filters, such as a low 
pass filter and a filter that cuts a specific wavelength band, or 
the like, these various filters may be arranged between lenses. 
Alternatively, a coating having an action similar to the various 
filters maybe applied to one of the lens surfaces of the lenses. 
An aperture stop may be arranged at any position as long as 

the aperture stop is located between the most image-side 
Surface of the second lens group and the most image-side 
surface of the third lens group. Farther, whether the aperture 
stop moves or not is not limited to the aforementioned 
example. For example, the aperture stop may be fixed during 
magnification change. Alternatively, the aperture stop may 
move independently of lens groups. 
The action and the effect of the Zoom lens, which is struc 

tured as described above, will be described. 
As described above, the Zoom lens illustrated in FIG. 1 

includes the first through fourth lens groups, which are a 
positive lens group, a negative lens group, a positive lens 
group and a positive lens group, in this order from the object 
side, and a stop located between the most image-side Surface 
in the second lens group and the most image-side Surface in 
the third lens group. In the Zoom lens, distances between the 
lens groups change when magnification is changed from a 
wide angle end to a telephoto end. Second lens group G2 
consists of a negative lens, a biconcave lens and a positive lens 
in this order from the object side. Further, the third lens group 
consists of a positive lens, a cemented lens of a positive lens 
and a negative lens, a negative meniscus lens with its concave 
Surface facing the object side, and a biconvex lens in this order 
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from the object side. Therefore, it is possible to achieve excel 
lent optical performance with a small Fino. and high image 
qualities while the Zoom lens has Small size and a high mag 
nification ratio. Especially, this structure can reduce the 
amount of movement of third lens group G3, which is located 
in the vicinity of aperture stop St, during magnification 
change, compared with conventional structure. In other 
words, it is possible to make the amount of movement of the 
lens group located next to and on the image side of aperture 
stop St from the image formation surface small. Therefore, it 
is possible-to achieve a small Fino. both at a telephoto end and 
at a wide angle end. In contrast, for example, in Example 1 of 
Patent Document 1, Fno. is large at a telephoto end and at a 
wide angle end. In Patent Document 2, Fino. is large at a 
telephoto end. 

Further, the aforementioned structure can optimize the 
refractive power of each lens group. Therefore, it is possible 
to realize a Zoom lens that can cope with an image size, for 
example, such as 2/3 inch type, which is larger than a con 
ventional image size, while reducing the total length of the 
Zoom lens. Accordingly, it is possible to satisfy a need in 
development that a larger size image sensor is to be adopted to 
improve image qualities of digital cameras or the like. In 
contrast, for example, in the Zoom, lens disclosed in Patent 
Document 3, the total length, of the Zoom, lens is relatively 
too long, compared with the image size. Therefore, it is 
impossible to realize an image size corresponding to a large 
image sensor, Such as % inch type, while maintaining the 
compactness of the Zoom lens in total length. 

Further, in Patent Document 2, an angle of view at a wide 
angle end is Small. In contrast, the Zoom lens of the afore 
mentioned structure can achieve the aforementioned effect, 
while maintaining the angle of view at a wide angle end. 

Further, since first lens group G1 consists of two lenses, it 
is possible to make the thickness (a length in the direction of 
the optical axis) of first lens group G1 Small, and to reduce the 
size. Further, when negative lens L11 and positive lens L12 
are a cemented lens, it is possible to make an air space 
between negative lens L11 and positive lens L12 Zero. That 
contributes to reduction in the thickness of first lens group G1. 
Further, since the number of lenses in first lens group G1 is 
Suppressed, it is possible to reduce the cost. 

Further, second lens group G2 includes biconcave lens 
L22, which is the second lens from the object side. Therefore, 
it is possible to appropriately suppress a fluctuation of aber 
rations during magnification change, while securing Suffi 
cient negative refractive power of second lens group G2. 
Further, it is possible to effectively suppress various aberra 
tions generated in second lens group G2. 

Further, second lens group G2 consists of only single 
lenses. Therefore, the number of surfaces that contact with air 
is large, compared with a case in which second lens group G2 
includes a cemented lens. That is advantageous to correction 
of aberrations when the angle of view is increased. 

Third lens group G3 includes negative meniscus lens L34 
with its concave surface facing the object side. Therefore, it is 
possible to balance various aberrations at a periphery of the 
angle of view, while maintaining the short total length of the 
Zoom lens. Further, regarding two lenses located, on the most 
image side of third lens group G3, three surfaces of the four 
surfaces of the two lenses are convex.Therefore, it is possible 
to reduce the size of the Zoom lens, compared with the Zoom 
lens disclosed in Patent Document 1 and the Zoom, lens 
disclosed in Patent Document 2, while excellently correcting 
a spherical aberration and astigmatism. 
When the image-side Surface of negative meniscus lens 

L34 is an aspherical surface in which its positive refractive 
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8 
power becomes weaker from the optical axis toward the 
periphery of the surface, it is possible to excellently correct a 
spherical aberration even through the spherical aberration 
tends to increase as Fho. becomes Smaller. 
When positive lens L32 and negative lens L33 in the third 

lens group are a cemented lens, that contributes to reduction 
in the length (thickness) of third lens group G3 in the direction 
of the optical axis. Further, it is possible to excellently correct 
chromatic aberrations and other various aberrations. 
When displacement of an image caused by vibration of the 

Zoom lens is corrected by moving third lens group G3 in a 
direction orthogonal to the optical axis, it is possible to more 
excellently correct various aberrations caused by vibration of 
the Zoom lens by moving the whole third lens group G3 even 
if the room, lens has a small Fho. as illustrated in FIG.1. In 
contrast, when apart of third lens group G3, for example, only 
one lens in the third lens group is moved in the orthogonal 
direction as in Patent Document 2, it is impossible to suffi 
ciently correct various aberrations of the Zoom lens having a 
small Fino. as illustrated in FIG. 1 during vibration of the 
Zoom lens. 
When fourth lens group G4 consists of one lens, that con 

tributes to reduction of the totallength of the entire Zoom lens, 
which is desirable. Further, it is possible to structure fourth 
lens group G4 in light weight. Therefore, quick focusing is 
easy when focusing is performed by fourth lens group G4. 

Conditional formula (1) defines desirable ranges of 
paraxial curvature radius R6 of the object-side surface and 
paraxial curvature radius R7 of the image-side surface of 
biconcave lens L22 included in second lens group G2. If the 
value is lower than the lower limit of conditional formula (1), 
it becomes difficult to maintain the negative refractive power 
of biconcave lens L22 while maintaining the balance of aber 
rations, and that is not desirable. For example, when the value 
is lower than, the lower limit of conditional formula (1), the 
amount of movement of the second group during magnifica 
tion change may be increased to maintain the negative refrac 
tive power of biconcave lens L22. However, the totallength of 
the entire Zoom lens tends to increase to cope with the 
increase in the amount of movement of the second group. If 
the value exceeds the upper limit of conditional formula (1), 
a fluctuation of aberrations during magnification change 
increases, and various aberrations caused by second lens 
group G2 increase. Therefore, when conditional formula (1) 
is satisfied, it is possible to appropriately maintain the total 
lens length and the negative refractive power of the biconcave 
lens. Further, it is possible to Suppress various aberrations 
generated by second lens group G2. 

It is desirable that the numerical value range of conditional 
formula (1) is as follows to obtain more excellent optical 
performance while reducing the total length: 

Conditional formula (2) defines a desirable range of the 
ratio of distance D7 on an optical axis between the image-side 
Surface of biconcave lens L22 in second lens group G2 and the 
object-side Surface of positive lens L23 in second lens group 
G2 and focal length fiv. If the value is lower than the lower 
limit of conditional formula (2), distance D7 on the optical 
axis between biconcave lens L22 and positive lens L23 in 
second lens group G2 too greatly influences a longitudinal 
aberration. Therefore, the optical performance of the lens 
tends to fluctuate as D7 fluctuates by a production error or the 
like, and that is not desirable in quality control. If the value 
exceeds the upper limit of conditional formula (2), the size of 
second lens group G2 increases, and that is not desirable. For 
example, if the size of second lens group G2 becomes large, 
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axial rays passing through second lens group G2 become 
large. Consequently, axial rays passing through, third lens 
group G3 and fourth lens group G4, which follow second lens 
group G2, also become large. Therefore, a spherical aberra 
tion tends to be generated. Hence, when conditional formula 5 
(2) is satisfied/it is possible to prevent distance D7, on the 
optical axis, between biconcave lens L22 and positive lens 
L23 in second lens group G2 from too greatly influencing a 
longitudinal aberration. Further, it is possible to reduce the 
size of second lens group G2, while Suppressing generation of 
a spherical aberration. Therefore, it is more desirable that the 
numerical value range of conditional formula (2) is as fol 
lows: 

10 

0.04.<D7 fiv<0.09 (2-1). 15 

Conditional formula (3) defines a desirable range of the 
ratio of the focal length of third lens group G3 and the focal 
length at a wide angle end of the entire Zoom lens. If the value 
is lower than the lower limit of conditional formula (3), that is 20 
advantageous to reduction of the total length of the entire 
Zoom lens and achievement of a small Fino., but a spherical 
aberration tends to increase. If the value exceeds the upper 
limit of conditional formula (3), the refractive power of third 
lens group G3 becomes weak. Therefore, it becomes difficult 
to reduce Fno., while keeping the total length of the Zoom lens 
short. Therefore, when third lens group G3 and the other lens 
groups are structured so as to satisfy conditional formula (3), 
it is possible to reduce the Fno. of the Zoom lens while so 
Suppressing a spherical aberration and an increase in the total 
length of the Zoom lens. It is desirable that the numerical 
value range of conditional formula (3) is as follows to obtain 
more excellent optical performance while reducing the total 
length; 35 

Conditional formula (4) defines a desirable range of the 
ratio of the focal length of first lens group G1 and the focal 
length at a wide angle end of the entire Zoom lens. If the value 
is lower than the lower limit of conditional formula (4), the 
refractive power of first lens group G1 becomes strong. 
Therefore, distortion tends to increase, and a longitudinal 
aberration at a telephoto end tends to increase. If the distor 
tion and the longitudinal aberration increase, it becomes nec 
essary to take further measures, such as addition of a lens and 
change of a spherical lens to an aspherical lens, and that is not 
desirable. If the value exceeds the upper limit of conditional 
formula (4), the refractive power of first lens group G1 
becomes weak. Therefore, it becomes necessary to increase 
the amount of movement of first lens group G1 during mag 
nification change. Therefore, it becomes difficult to keep the 
total length of the Zoom lens at a telephoto end short. There 
fore, when first lens group G1 and the other lens groups are 
structured so as to satisfy conditional formula (4), it is pos 
sible to Suppress an increase of distortion and to suppress an 
increase of a longitudinal aberration at a telephoto end. Fur 
ther, it is possible to maintain the compactness of the Zoom 
lens in total length. It is desirable chat the numerical value 
range of conditional formula (4) is as follows to obtain more 
excellent optical performance while reducing the totallength: 
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Conditional formula (5) defines the range of the product of 65 
a half angle of view and a focal length of the entire system at 
a wide angle end. If the value is lower than the lower limit of 

10 
conditional formula (5), the total length of the Zoom lens is 
relatively large, compared with the image size. Therefore, it 
becomes difficult to cope with a large image size. If the value 
exceeds the upper limit of conditional formula (5), the lens 
diameter tends to increase. Therefore, when conditional for 
mula (5) is satisfied, it is possible to realize a Zoom lens that 
can cope with a large image size while maintaining the com 
pactness of the lens diameter and the compactness of the 
Zoom lens in total length. 

Conditional formula (6) defines a desirable range of a half 
angle of view. If the value is lower than the lower limit of 
conditional formula (6), it becomes difficult to perform pho 
tography even in a wide-angle range. If the value exceeds the 
upper limit of conditional formula (6), distortion increases. 
Further, it is necessary to increase the lens diameter. There 
fore, it becomes difficult to reduce the size of the Zoom lens. 
Hence, when conditional formula (6) is satisfied, it is possible 
to easily correct distortion, and to realize a Zoom lens that has 
Small size and a wide angle of view. 
As described above, in the Zoom lens according to the 

embodiment of the present invention, the lens structure of the 
Zoom lens consisting of four groups is optimized and an 
appropriate conditional formula or formulas are appropri 
ately satisfied. Therefore, it is possible to maintain excellent 
optical performance achieving a small Fino. and high image 
qualities while the Zoom lens has Small size and a high mag 
nification ratio. Further, according to an imaging apparatus on 
which the Zoom lens according to the embodiment of the 
present invention is mounted, it is possible to reduce the size 
of the whole apparatus while excellent imaging performance 
with a high variable magnification ratio is maintained. 

Next, numerical value examples of the Zoom lens of the 
present invention will be described. FIG. 3, through FIG. 6 
illustrate lens cross sections of Zoom lenses of Example 1 
through Example 6, respectively. 

Table 1 through Table 3, which will be shown later, show 
specific lens data corresponding to the structure of the Zoom 
lens illustrated in FIG.1. Specifically, Table 1 shows lens data 
of the Zoom lens in Example 1, and Table 2 shows aspherical 
surface data of the Zoom lens, and Table 3 shows variable 
magnification data and various data of the Zoom lens. Simi 
larly, Table 4 through Table 18 show lens data, aspherical 
Surface data and variable magnification data of the Zoom 
lenses in Examples 2 through 6. Next, the meanings of signs 
in the tables will be described, using Example 1 as an 
example. 
The meaning of signs in the tables of Examples 2 through 

6 are basically similar. 
In the lens data of Table 1, Si shows the surface numbers of 

i-th (i-1,2,3,...) surfaces. The surface number of the most 
object-side Surface of the structure elements is one, and the 
Surface numbers sequentially increase toward the image side. 
Ri shows the curvature radius of the i-th surface. Di shows a 
distance, on optical axis Z., between the i-th Surface and the 
(i+1)th surface. In the column of the distance between sur 
faces, the lowest row shows a distance between the last Sur 
face in the table and an image formation Surface. In the lens 
data of Table 1, Nd, shows the refractive index of a j-th (j=1, 
2, 3,...) optical element for d-line (wavelength is 587.6 mm) 
when the most object-side lens is the first, optical element, 
and the value of sequentially increases toward the image 
side. Further, vaj shows the Abbe number of the j-th optical 
element for d-line. The lens data include aperture stop Stand 
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optical member PP. The term “(APERTURESTOP) is writ 
ten for a surface corresponding to aperture stop St in the 
column of curvature radius. The curvature radius of the lens 
data is positive when a surface is convex toward the object 
side, and negative when a surface is convex toward the image 
side. 

In the lens data of Table 1, DD3 (VARIABLE), DD9 
(VARIABLE), DD19 (VARIABLE), DD21 (VARIABLE) 
and DD23 (VARIABLE) are written in the rows of surface 
distances corresponding to a distance between first lens group 
G1 and second lens group G2, a distance between second lens 
group G2 and aperture stop St, a distance between third lens 
group G3 and fourth lens group G4, a distance between fourth 
lens group G4 and optical member PP and a distance between 
optical member PP and an image formation Surface, respec 
tively, which change when magnification is changed. 

In the lens data of Table 1, mark* is attached to the surface 
number of an aspherical Surface. Table 1 shows, as the cur 
vature radius of the aspherical surface, the numerical value of 
a paraxial curvature radius. The aspherical Surface data in 
Table 2 show surface numbers Si of aspherical surfaces, and 
aspheric coefficients related to the aspherical surfaces. The 
aspheric coefficients are coefficients KA, Am (m=3, 4, 5, ... 
20) in the following aspherical equation (A): 

Zd: the depth of an aspherical surface (the length of a 
perpendicular from a point on the aspherical Surface at height 
h to a flat plane that contacts with the vertex of the aspherical 
surface and is perpendicular to the optical axis), 

h: a height (the length from the optical axis to the lens 
Surface), 

C: the reciprocal of a paraxial curvature radius, and 
KA, Am: aspheric coefficients (m=3, 4, 5, ... 20). 
Table 3 shows variable magnification data and various 

data. The variable magnification data in Table 3 show focal 
length f of the entire system and values of Surface distances 
DD3, DD9, DD19, DD21 and DD23 at a wide angle end, at 
middle and at a telephoto end. Further, the various data in 
Table 3 show values of a Zoom magnification ratio (variable 
magnification ratio), focallength f, back focus Bf (distance in 
air), F-number Fno, and full angle 2c) of view at each position 
of a wide angle end, middle and a telephoto end. 
As the unit of Ri, Diand fin Table 1, and the unit off, DD3, 

DD9, DD19, DD21 and DD23 in Table 3, and the unit of Zd 
and h in equation (A), “mm” maybe used. However, since an 
optical system can be used by proportionally enlarging or 
proportionally reducing the optical system, the unit is not 
limited to “mm', and other appropriate units may be used. In 
Table 3, the unit of full angle 2c) of view is degree. 

In Examples 4 through 6, the image-side Surface of positive 
lens L31 is also aspherical in addition to the aspherical sur 
faces provided in Examples 1 through 3. 

Table 19 shows values corresponding to conditional for 
mulas (1) through (6) in Examples 1 through 6. As Table 19 
shows, all of Examples 1 through 6 satisfy conditional for 
mulas (1) through (6). 

FIG. 7, Sections A through E show aberration diagrams of 
a spherical aberration, sine condition violation amount (the 
term “SINE CONDITION' is written in the diagram), astig 
matism, distortion (distortion aberration), and a lateral aber 
ration (a lateral chromatic aberration) of the Zoom lens of 
Example 1 at a wide angle end, respectively. FIG. 7, Sections 
F through J show aberration a diagrams of a spherical aber 
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12 
ration, sine condition violation amount (the term "SINE 
CONDITION' is written in the diagram), astigmatism, dis 
tortion (distortion aberration), and a lateral, aberration of the 
Zoom lens of Example 1 in a middle range, respectively. FIG. 
7, Sections K through O show aberration diagrams of a 
spherical aberration, sine condition violation amount (the 
term “SINE CONDITION' is written in the diagram), astig 
matism, distortion (distortion aberration), and a lateral aber 
ration of the Zoom lens of Example 1 at a telephoto end, 
respectively. 
The aberration diagrams of the spherical aberration, sine 

condition violation amount (the term “SINS CONDITION” 
is written in the diagram), astigmatism, and distortion (dis 
tortion aberration) illustrate aberrations when d-line (wave 
length is 587.6 mm) is a reference wavelength. The diagrams 
of the spherical aberration and the lateral aberration, illustrate 
aberrations ford-line, aberrations for C-line (656.3 nm), aber 
rations for F-line (wavelength is 486.1 nm) and aberrations 
for g-line (wavelength is 435.8 nm) by a solid line, a dot 
dashed line, a double dotdashed line and a gray line, respec 
tively. In the diagram of astigmatism, an aberration in a sag 
ittal direction and an aberration in a tangential direction are 
indicated by a sold line and a broken line, respectively. In the 
diagram of the spherical aberration and sine condition viola 
tion amount, Fino. represents F-number, and in the other dia 
grams, () represents a half angle of view. 

Similarly, FIG. 8, Sections A through O illustrate aberra 
tions at a wide angle end, at middle, and at a telephoto end of 
the Zoom lens in Example 2. FIG. 9, Sections A through O 
illustrate aberrations at a wide angle end, at middle, and at a 
telephoto end of the Zoom lens in Example 3. FIG. 10, Sec 
tions A through 0 illustrate aberrations at a wide angle end, at 
middle, and at a telephoto end of the Zoom lens in Example 4. 
FIG. 11, Sections A through O illustrate aberrations at a wide 
angle end, at middle, and at a telephoto end of the Zoom lens 
in Example 5. FIG. 12, Sections A through O illustrate aber 
rations at a wide angle end, at middle, and at a telephoto end 
of the Zoom lens in Example 6. 
As the aforementioned data show, the Zoom lenses of 

Examples 1 through 6 have Small size, high magnification 
ratio of about 3.8 times, and excellent optical performance 
achieving a small Fino. and high image qualities. 

Next, an embodiment of an imaging apparatus of the 
present invention will be described. FIG. 13A and FIG. 13B 
are perspective views of a front side and a back side of a 
digital camera according to an embodiment of an imaging 
apparatus of the present invention, respectively. 
As illustrated in FIG. 13A, the digital camera 10 includes a 

Zoom lens 12 according to an embodiment of the present 
invention, an object window 13a of a finder, and a strobe light 
output apparatus 14, which outputs strobe light to a Subject, 
which are provided on the front side of a camera body 11. 
Further, a shutter button 15 is provided on the top surface of 
the camera body 11. Further, an imaging device 16, Such as a 
CCD and a CMOS, is provided in the camera body 11. The 
imaging device 16 images an image of a Subject formed by the 
Zoom lens 12. 

As illustrated in FIG. 13B, an LCD (Liquid Crystal Dis 
play) 17 for displaying an image and various kinds of setting 
screen, an observation window 13b of the finder, a Zoom lever 
IS for changing the magnification of the Zoom lens 12, and an 
operation button 19 for performing various kinds of setting 
are provided on the back side of the camera body 11. The 
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digital camera 10 according to the embodiment of the present 
invention is structured so that light of a subject guided 
through the object window 13a of the finder on the front side 
is recognizable at the observation window 13b of the finder on 
the back side. 

The Zoom lens 12 is arranged in Such a manner that the 
direction of the optical axis of the Zoom lens 12 is the same as 
the direction of the thickness of the camera body 11. As 
described already, the size of the Zoom lens 12 according to 
the embodiment of the present invention is sufficiently small. 
Therefore, the total length of the optical system in the direc 
tion of the optical axis is short when the Zoom lens 12 is 
collapsed and housed into the main body of the camera body 
11. Therefore. It is possible to structure the digital camera 10 
so that the thickness of the digital camera 10 is thin. Further, 
since the Zoom lens 12 according to the embodiment of the 
present invention has a wide angle of view and excellent 
optical performance, the digital camera 10 can perform pho 
tography with a wide angle of view, and obtain excellent 
images. 

So far, the present invention has been described by using 
embodiments and examples. However, the present invention 
is not limited to the aforementioned embodiments nor 
examples, and various modifications are possible. For 
example, the values of the curvature radius, a distance 
between surfaces, refractive index. Abbe number, and the like 
of each lens element are not limited to the values in the 
aforementioned examples of numerical values, but may be 
other values. 

In the Zoom lens of the present invention, the lens groups 
that move during magnification change and the direction of 
movement is not limited to the aforementioned examples. 

In the aforementioned embodiment, a digital camera was 
described as an example of the imaging apparatus. However, 

SURFACE 
NUMBER KA 

6 -4.148111E--00 
7 -9.9SO29SE--OO 

11 3.66OO46E--OO 
16 -8.971192E--OO 
17 -5.65845OE--OO 

A7 

6 -S.155217E-06 
7 -4.241185E-06 

11 -9.76O767E-07 
16 1334413E-05 
17 2.89.5206E-06 

A12 

6 OOOOOOOE--OO 
7 OOOOOOOE--OO 

11 -106085OE-10 
16 -7.236734E-09 
17 3.933323E-10 

A17 

6 OOOOOOOE--OO 
7 OOOOOOOE--OO 

11 OOOOOOOE--OO 
18 OOOOOOOE--OO 
17 OOOOOOOE--OO 

14 
the present invention is not limited to the digital camera. The 
present invention may be applied to other imaging appara 
tuses, for example, such as a video camera and a Surveillance 
CaCa. 
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TABLE 1 

EXAMPLE 1 BASICLESS DATA 

Si Ri Di Nd vd 
10 

1 38.63O2 1.11 1945945 17.98 
2 26.9760 4.30 1834807 42.72 

3 371.8467 DD3) (VARIABLE) 
4 66.7099 1.OO 1.88.2997 40.76 
5 8.4132 4.80 

15 *6 -19.0605 1.OO 1.583129 S937 
87 55.6768 O4O 
8 24.9067 2.50 192286O 20.88 

9 –499.8687 DD9 (VARIABLE) 
10 ce O.85 

(APERTURE 
2O STOP) 

*11 14:2177 2.50 18O36O3 40.28 
12 -250.1461 O.10 
13 1.O.OO90 3.41 1592824 68.62 
14 -20.8840 O.70 1.698947 30.13 
15 7.4062 2.10 

25 * 16 -10.OOOO O.90 18O36O3 40.28 
: 17 -204609 O.10 
18 27.8958 2.90 1.496999 81.54 

19 -10.01 11 DD19 (VARIABLE) 
2O 14.4956 2.8O 1487490 70.24 

30 21 34.9421 DD21) (VARIABLE) 
22 ce 2.14 1.S16798 64.2O 

23 ce DD23) (VARIABLE) 

*ASPHERICAL 

TABLE 2 

EXAMPLE 1 s ASPHERICAL SURFACE DATA 

A3 A4 AS A6 

1.150223E-O3 -6.585878E-04 1685927E-04 - 1904884E-O6 
9.646437E-04 -4.885791E-04 14326O8E-04 -3.87S323E-O6 
-4036084E-OS -5.8991S2E-OS -3.723S04E-OS 1.OSS957E-OS 
-7.781902E-04 -8.305061E-04 -2.23O827E-OS -1.3582S7E-OS 
-8.424,122E-04 7.988741E-04 -2.765.325E-04 4453.843E-OS 

A8 A9 A10 A11 

4.25 6246E-08 1.426374E-07 -1.1885.33E-08 OOOOOOOE--OO 
9.S97971E-08 1.081173E-07 -9.188O89E-09 OOOOOOOE--OO 

-4.976513E-07 1682.713E-07 -2SO3631E-08 2.157418E-09 
2.OO7369E-06 -1.003647E-06 - 1949607E-07 8.686077E-08 
3.897227E-07 -7.739047E-07 1.SS1732E-07 - 1.172742E-08 

A13 A14 A15 A16 

OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE--OO 
OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE--OO 
OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE--OO 
OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE--OO 
OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE--OO 

A18 A19 A2O 

OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE--OO 
OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE--OO 
OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE--OO 
OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE--OO 
OOOOOOOE-00 OOOOOOOE-00 OOOOOOOE--OO 
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TABLE 19 

CONDITIONAL FORMULA EXAMPLE 1 EXAMPLE 2 EXAMPLE 3 

(1) (R6 + R7)/(R6 - R7) -0.490 -0.579 -0.402 
(2) D7/fw O.OS45 O.OS46 O.OS46 
(3) f3/?w 2.26 2.24 2.18 
(4) f1/fw 7.43 7.46 7.58 
(5) fw tana) 6.12 6.10 6.10 
(6) () 39.84 39.77 39.79 

What is claimed is: 
1. A Zoom lens Substantially consisting of four lens groups 

of: 
a first lens group having positive refractive power; 
a second lens group having negative refractive power, 
a third lens group having positive refractive power, and 
a fourth lens group having positive refractive power, which 

are in this order from an object side; and 
a stop located between a most image-side Surface of the 

second lens group and a most image-side surface of the 
third lens group, 

wherein distances between the lens groups change when 
magnification is changed from a wide angle end to a 
telephoto end, and 

wherein the second lens group consists of a negative lens, 
a biconcave lens and a positive lens in this order from the 
object side, and 

wherein the third lens group consists of a positive lens, a 
cemented lens of a positive lexis and a negative lens, a 
negative meniscus lens with its concave Surface facing 
the object side, and a biconvex lens, which are in this 
order from the object side, and 

wherein the following conditional formula (1) is satisfied: 

R6: a paraxial curvature radius of an object-side surface of 
the biconcave lens in the second lens group, and 

R7: a paraxial curvature radius of an image-side surface of 
the biconcave lens in the second lens group. 

2. The Zoom lens, as defined in claim 1, wherein the fol 
lowing conditional formula (1-1) is satisfied: 

3. The Zoom lens, as defined in claim 1, wherein the fol 
lowing 

conditional formula (2) is satisfied: 
0,005<D7 fiv4.0.150 (2), where 
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EXAMPLE 4 EXAMPLES EXAMPLE 6 

-0.368 -O.286 O.284 

2.22 2.22 2.13 
7.73 7.63 7:44 
6.10 6.08 6.06 

39.73 39.67 39.59 

D7; a distance on an optical axis between the image-side 
Surface of the biconcave lens in the second lens group 
and an object-side surface of the positive lens in the 
second lens group, and 

fw: a focal length of an entire lens system at the wide angle 
end. 

4. The Zoom lens, as defined in claim 3, wherein the fol 
lowing conditional formula (2-1) is satisfied: 

0.04.<D7 fiv<0.09 (2-1). 

5. The Zoom lens, as defined in claim 1, wherein the fol 
lowing conditional formula (3) is satisfied: 

1.9-f3/fiv<2.6 (3), where 

f3: a focal length of the third lens group, and 
fw: a focal length of an entire lens system at the wide angle 

end. 
6. The Zoom lens, as defined in claim 5, wherein the fol 

lowing conditional formula (3-1) is satisfied: 

7. The Zoom lens, as defined in claim 1, wherein the fol 
lowing conditional formula (4) is satisfied: 

6.6-fl/fiv<8.5 (4), where 

fl: a focal length of the first lens group, and 
fw: a focal length of an entire lens system at the wide angle 

end. 
8. The Zoom lens, as defined in claim 1, wherein the fol 

lowing conditional formula (4-1) is satisfied: 

9. The Zoom lens, as defined in claim 1, wherein displace 
ment of an image caused by vibration of the Zoom lens is 
corrected by moving the third lens group in a direction 
orthogonal to an optical axis. 

10. An imaging apparatus comprising: 
the Zoom lens, as defined in claim 1. 

k k k k k 


